Abstract-An enantiospecific and stereo-and functional group diversity oriented approach to eudesmane, eremophilane and agarofuran sesquiterpenoids from (−)-carvone has been devised. RCM has been employed as the key reaction to generate the highly functionalized eudesmane framework. Further elaboration of the eudesmane framework to agarofurans and biogenetic-type rearrangement to eremophilanes is outlined.
Eudesmane 1 and eremophilane 2 sesquiterpenoid skeleta based on the bicyclic decalin framework are fairly widespread in nature and occur in different stereochemical and functionalization patterns.
1 Eremophilane 2 represents the earliest known example of an irregular isoprenoid in nature and in a classical proposal, Robinson in 1939 2 invoked a carbonium ion-mediated methyl migration in eudesmane 1 to explain their biogenesis which was subsequently confirmed through both in vivo and in vitro experiments.
3 Another interesting sub-class of natural products derived from eudesmanes are agarofurans 3 whose polyoxygenated derivatives, e.g. celorbicol 4 are of wide occurrence, particularly in the Celastraceae family and many of them have been found to exhibit broad ranging biological activity profiles. 4, 5 Not surprisingly, eudesmanes, eremophilanes and particularly agarofurans continue to evoke a great deal of synthetic interest and many interesting strategies have been devised to access these families of sesquiterpenoids. 1, 6 In particular, extensive synthetic studies have been directed towards the polyhydroxylated agarofurans in view of their biological potential and the challenge associated with the generation of the network of hydroxyl functionalities. 6 Herein, we describe a new, general, enantiospecific synthetic approach towards eudesmanes from (−)-carvone 5 employing a ring closing metathesis (RCM) reaction 7 as the key step and their further elaboration towards polyfunctional agarofurans as well as biogenetic-type rearrangement to the eremophilane framework.
The a,b-epoxyketone 6, 8 readily obtained from (−)-carvone 5, on reductive allylation under dissolving metal conditions charted an interesting course and epimeric hydroxy-ketones 7 and 8 (45:55), sharing identical stereo-chemistry at the newly generated quaternary center were realized (Scheme 1). 9 The epimeric nature of the hydroxy-ketones followed from their oxidation to the same dione 9 and their formation involving an eventful fragmentation-realdolization process is depicted in Scheme 1. It is worth noting that the allyl group in 7 and 8 is cis with respect to the isopropenyl group, a situation conducive to accessing eudesmane based natural products which occur predominantly with the angular methyl group and the isopropyl group in a trans arrangement. Addition of the Grignard reagent derived from 3-chloro-1-butene to the major b-hydroxy-ketone 8 in the presence of Ce(III) furnished two diastereomeric addition products 10 and 11 (55:45) (Scheme 2). Interestingly, the Grignard reagent addition to the carbonyl group of 8 was a-face selective to furnish 10 and 11 with the two allyl side arms in cis disposition. Both 10 and 11 were now set for the RCM reaction to generate the eudesmane framework. Indeed, exposure of 10 and 11 to Grubbs' catalyst [benzylidene-bis(tricyclohexylphosphine)-dichlororuthenium] resulted in smooth and efficient conversion to bicycles 12 and 13, respectively (Scheme 2) 9 and their stereostructures were secured through the X-ray crystal structure determination of the PNB-derivative of 12. 10 Thus, in a short sequence from carvone 5, highly functionalized eudesmanes 12 and 13 could be accessed, paving the way for further transformations.
Polyfunctional dihydroxyeudesmane 13 was well-poised for further elaboration to the eremophilane ring system 2. The monobenzoate 14 derived from 13 was smoothly and regioselectively dehydrated to the bicyclic triene 15 (Scheme 3). 9 The exocyclic double bond in 15 could be regioselectively hydrated through oxymercuration to furnish the tertiary alcohol 16.
9 Further epoxidation of 16 was stereoselective but exhibited only 4:1 regioselectivity and a 4:1 mixture of a-epoxides 17 and 18 was obtained (Scheme 3). Exposure of the major epoxide 17 to BF 3 -etherate and hydrolysis of the intermediate enolbenzoate 19, formed through sequential methyl and hydrogen migrations, resulted in the eremophilane keto-diol 20 in good yield (Scheme 3). 9 The olefinic moiety in 20 was further hydroxylated with OsO 4 to furnish polyfunctional eremophilane 21 whose stereostructure was secured through single crystal X-ray structure determination. 10 As per our plan, dihydroxyeudesmane derivative 13 appeared to be serviceable for elaboration to the agarofuran framework 3, particularly because the C4 bmethyl stereochemistry present in it is widespread among natural products of this class. However, in the biologically more important agarofurans, the C9 hydroxyl group is usually a-oriented, see celorbicol 4. Our first effort therefore was to carry out a Mitsunobu type reaction on 13 to invert the C9 hydroxy group stereochemistry but these efforts were not successful. Consequently, 13 was oxidised to ketone 22 (X-ray crystal structure) 10 and its reduction with sodium boro- tion led to the polyfunctional 27 (Scheme 4). As the a-face of 27 was sterically shielded, epoxidation of 27 was stereoselective and furnished exclusively the bepoxide 28. Brief exposure of 28 to TMSOTf led to the contemplated tetrahydrofuran formation through epoxide opening and capture by the tertiary hydroxyl group to lead to agarofuran derivative 29. The complete stereostructure of 29 was confirmed through its X-ray crystal structure determination. 10 Access to the agarofuran 29 with secured stereochemistry at eight stereogenic centers and five oxygen functionalities, particularly with C6 and C9 hydroxyl groups, makes our approach amenable to adaptation for the synthesis of many natural products of this family.
In summary, we have outlined a new approach to assemble rapidly, strategically functionalized eudesmanes from (−)-carvone employing RCM as the key step. Further transformations involving functional group amplification and rearrangements provide entry into polyoxyfunctionalized eremophilanes and agarofurans. 1, 132.9, 130.4, 129.7, 128.5, 83.5, 79.7, 76.9, 75.9, 75.8, 65.9, 47.8, 46.9, 45.4, 35.8, 30.6, 25.5, 25.3, 25.1, 14.9 1, 130.2, 129.6, 128.4, 107.9, 79.5, 75.9, 72.1, 71.3, 65.4, 64.2, 44.8, 38.8, 37.6, 32.3, 28.5, 26.2, 26.1, 24.0, 19.8, 16.0 4, 146.1, 132.9, 132.2, 130.6, 129.5, 128.4, 123.8, 122.2, 79.3, 72.4, 46.0, 39.7, 38.9, 34.9, 27.9, 27.1, 25.9, 24.8, 21.4 7, 74.2, 73.7, 72.0, 69.7, 47.5, 46.6, 44.9, 38.1, 35.7, 28.8, 28.4, 27.6, 14.0, 10.5 
